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Alpha Centauri Exoplanet Satellite 43

A"~ A

(ACESat) Mission Overview.

ACESat will directly image and characterize the planets and circumstellar
debris disks of Alpha Centauri A & B, with the specific objective of identifying
potentially habitable Earth-like planets.

Mission Time Life and Orbit SMEX-Class, 2-Years (>90% completeness),
Earth trailing

Spacecraft Bus LADEE Type, Secondary Payload to GTO
Instrument/Telescope Unobstructed 45cm, Full Silicon Carbide
Coronagraph architecture Baseline: PIAA Embedded on Secondary and

tertiary telescope mirror. PIAACMC backup

Coronagraph performance 1x108raw  6x10-1@0.4” (With ODI)
2x10-1@Q.7”

Field of View (OWA) 2.5 x2.5
Imaging detector 1k x 1k EMCCD 0.08”/px Sampling
Wavelength 400 to 700 nm, Dichroics 5 bands @ 10% each.



Scientific requirements

Goal: Image 0.5 to 2.0 R, planets’ equivalent brightness, in the
HZ of aCen A&B during a 2 year mission
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aCen B
6x10-1 0.4” 0.95”
6x10-" 1.6MD  3.8MD
aCenA
2x10-" 0.7” 1.63”
2x10""  2.7MD  6.5MD
Stability limit (aCen A)

2x10-M 2.07”
2x10-" 8.3MD
Sensitivity
SNR=5 1.6 Days

ODI 30 Days
Calibra
tion



Instrument Building blocks

45 cm off-axis telescope with an embedded PIAA -> 10-°(1.6 — 10A/D)

Uniformally  Corresponding
LOWFS illuminated pupil  focal plane

45cm off-axis
SiC primary mirror

New, apodized Corresponding
pupil plane focal plane

metering
structure

Diffraction from on-axis
star (no coronagraph) ‘
103 -

Coronagraph (w/o WFC)

-10+4 -
WFC (Multl -Star Wave Front Control) -> 10-8 | .
Aberrations from on-axis 10
4 oS T ! star; diffraction + aberrations EaEa

Continuous observation ODI -> 10"

20,000 frames (2,000 per star per band),
@ 20 minutes each
time
|

| é 5

Istara [stars SlarA N ! 1 ? Year 2

Band 1 /Band 2/Band 3 ear
Individual frame ~1.6-day stack 2-year final processed sequence
1e-8 raw contrast 1e-8 raw contrast 2e-11 post-processed noise floor
1e-9 photon noise 2e-11 photon noise

(¢) O
ODI Post-processing
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TOP VIEW

Optical and system design
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Wavelength: 400 nm to 700 nm (Contains 40%
aCen A flux)

Five channels of 10% bandwidth each.

SW (400nm): Blue rayleigh scattering indicates
earth-like atmosphere. (Const. coatings and QE)

LW (700): CH, absorption bands. Limited by QE
and WFC bandwidth.

. 1 1 1 1 1
e 400 450 500 550 600 650
Wavelength [nm]

: Multi-band ”
i ¥ . dichroics 4" HFoV
12 3 4 5 — 100 x 100px - E2v EMCCD
“1 | 3 0.31” resolution N
. 13.3um pitch [px] 201-20
Science 5 bands @10% almost zero
Detector
RON
of
Bands footprint on °
EM CCD 1k x 1k Short 108
Chip exposure
] time to avoid
1.2 3 4 cosmic rays
|

Nuvu Camera
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Telescope Hardware

* Full SiC 45cm, Off-axis telescope, L/25 max end-to-end WFE (Total 45Kg mass)
» Active thermal control to maintain 10°C operation with 0.1°C PV stability
* 0.5mas RMS stability LOWFS (Demonstrated for CAT |ll EXCEDE Lockheed Martin)

Shroud Assembly Secondary, PIAA 1, LOWFS

Tip/Tilt SiC mirror
45cm off-axis P / DM

SiC primary mirror

PIAA 2
INSTRUMENT

Science
camera

Full SiC metering
structure

AAS 225, Seattle, January 2015



Mission operations

Vernal
Equinox

ACESat Range to Earth
Time Range ;

High stability pointing spacecraft

Star
X-band Only

A B A B A B A B A B

Unperturbed observation per quarter,
Lismo_| 0.14 AU o> 7m0 ater 1.6 days/band/star
L+15mo | 0.36 AU
Tl el Quarterly operations:
@ <— L+3mo later . '
o inter  DSN Downlink and reaction wheels
desaturation and quarter end.
b o . . g
. orbital * 90" Roll to keep sunshield in position
.  Calibration per quarter (Speckle
Earth orbit
. MSWC, LOWFS).
at position . \L @
View from the ecliptic AUtumnar\
South Pole Equinox  Launch
w1 w2 w3 w4 W5 W6 w7 w8 W9 w10 W11 w12 W13 | ~
|IIIIIIIIIIIII|I|IIII|IIIIII|IIIIII|IIIIII|IIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIII|IIIIII|'
-'E P Calibration Target Acquisition r,— Data Acquisition Standby \
7S F‘WI—IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
£ - RW Desat A
g g Calibration Observation Cycle 1 Observation Cycle 2 Observation Cycle 3 | Observation Cycle 4
:-;- ) Band [21(/2 |3 4 '5 51432 [1 Quarterly
Downlink
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